Abstract-American football plays a large part in the American culture. During the season, football fans bleed the colors of their favorite team and are extremely enthusiastic about every game. Kicking is a very fundamental and vital part of the game. This paper presents a training system that integrates wireless technology, computer simulation, and advanced visualization. This system is capable of providing quantitative training to kickers and allows coaches to design effective and unique training programs. Moreover, the data collected in real-time can be used to calibrate the footballs dynamic model in predicting the final position with respect to the field goal, which is then visualized using 3D stereoscopic technology.
INTRODUCTION
In American football, a kicker is heavily relied on for scoring points after every touch down and for field goals. It is often crucial to either win or loss of a game, which is determined by a margin of a few points. More often than not, one kick at the closing minutes can be the determining factor. There are training camps across the Unites States that specialize in football kicking. Some of these camps have a whole team of coaches helping one kicker to improve. Although these camps are helpful, they are usually observation-based and not quantitative. A well-trained kicker is set himself apart from the rest by his ability to be consistent and reliable. While a training camp is helpful, it is hard to maintain the consistency without continuous reinforcement. Moreover, a kicker on the team lacks specialized practicing when he is trained with the rest of the team since the focus is on offensive and defensive approaches and drills. The objective of this football-kicking simulator and training system is to meet the need of a kicker and provide a real-time training tool that would give a kicker the ability to practice off the field and receive quantitative feedback for player-specific training via real-time flight data collection and computer modeling for their leg motion, foot-and-ball contact as well as trajectory prediction.Moreover, the data collected in real-time can beused to calibrate the football dynamic model inpredicting thefinalposition with respect to the field goal, which is then visualized using 3D stereoscopic technology.
II. OVERALL SYSTEM DESIGN

A. Design Goal
The simulation and training system is designed to be an indoor environment that allows a kicker to practice under realistic game situations by computer simulation and visualization. The system consists of major components of 1) wall-mounting pressure sensing device, 2) wireless data collection device embedded in the football, 3) data analysis and model prediction system, and 4) visualization system that emulates football stadiums with predicted football trajectory. In addition, the system incorporates what a training camp can offer with coach assistance. The advantage of the system is to provide a practice environment where a kicker can practice no matter the time of day or weather conditions outside. Moreover, this training system incorporates a quantitative feedback of the trajectory of the football for players to determine if their kick would be within the field goal. A pressure-sensing matcan be adopted for a visual representation of the kicker's footprint trail in order to inspect for consistency; and the high-speed cameras for replay and evaluation of body movements of how the kicker follows through after kicking. To create an environment as realistic as possible, the kicker not only can visualize theresult of kicking to see if the ball reaches the field goal on the screen, but also have the option of hearing the sound of rush of a crowed and the pressure of a clock. This design will help kickers as well as their coaches, to enable them to design specific game strategyfor better performance.
B. System Design 1) Mechanical Framework and Design Analysis.
The system frame, shown in Figure 1 , of the Football Kicking Simulator (FKS) is designed to be easily mounted on a wall similar to most current television sets. The mounting system consists of two main components: the sensor panel apparatus that houses the sensors on the front andcrossbeam supports on the rear. The wall mount portion comprises a separate part braced by two vertical beams International Workshop on Computer Science in Sports (IWCSS 2013) and three horizontal beams. The wall mount support spacing is based upon the industrial standards for stud separation in both residential and commercial buildings that require 16" and 24" separation between studs. Mounting directly to the wall allows greater room for the rest of the simulation and for optimal stability. FIGURE The design was drafted in SolidWorks® allowing material constraints to be optimized using SolidWorks® Design Study Module.The sensor panel support with crossbeams is to increase the strength of overall system. Since this component is the large and heavy, we conducted shape and size optimization using the built-in design study. Utilizing a multi-objective optimization algorithm in SolidWorks®, the design parameters such as wall thickness and crossbeam length are optimized to reduce weight and provide optimum support. A basic force simulation verifying structure support is shown in Fig. 1 from the first phase of development. With a force of 200N applied uniformly to the surface of the frame, assuming the material is 1060 alloy steel and the rear side of the frame is stationary, the maximum deflection is limited to 0.018 mm and the minimum factor of safety is 46.94 mm, which is well above the required minimum.
III. PRESSURE SENSORS AND THEIR MOUNTING
To calculate trajectory of the football, three positioning functions with respect to time are needed. For the purpose of model calibration, we measure the time interval between the moment when the ball leaves the ground and that when it hits the screen as well as the angle and distance that the ball travels from the floor to the screen. Force sensors are being used to determine the precise position when the football hit the sensor plate. Thus the continuation of the trajectory can be predicted more accurately. One sensor is placed underneath the football. An array of sensors is attached to the frame that is placed behind the screen to measure the position where the football will hit. The force sensor array consists of 56 FSR-406 force sensors from Interlink Electronics, which are single-zone Force Sensing Resistors (FRS). FRSs are two-wire devices. They are polymer thick film (PTF) sensors that exhibit a decrease in resistance with increase in force applied to the surface of the sensor. A FSR-406 sensor has the dimension of 1.5in x 1.5in active area. The sensor under the football is used to determine the time instant when the football leaves the ground, the sensor array is used to determine the moment the ball hits the screen as well as the given position and resulting angle for each location. Using these two time stamps between the ground and the sensor array, the average velocity of the football during this interval can be calculated. When multiple sensors are hit, the force sensors will be used in a comparative fashion such that the sensor that reads the highest force value will be registered and used to simulate the rest of the football trajectory.
For proper mounting, these force sensors are covered by 6in x 6in plexiglass shields to increase the area coverage for each single sensor. The total area of coverage is 4ft x 3.5 ft. in a grid of eight by seven sensors. The adhesive backing on the force sensors allows the sensors to be placed semi-permanently to the steel sheet metal. A spherical disk is created with a 0.38in thick center and tapers off to .28 in thick edge with a 1.6in diameter, attached to the center of the shield. The dimensions and design of spherical disk was designed to optimize contact with the sensor in such a way that the force applied to the shield's corners and/or the sides can be dispersed evenly so that the full impact force from the plexiglass shield can be transferred to the sensor. This design ensures the sensitivity and consistency of the force applied on the shield being relayed back to the force sensor.
A. Data-Driven Quantitative Training
To use this system for training, the football will be kicked from 8ft away from the kicking simulator screen, which allows for the football to travel between a 30° to a 45° kicking angle in the vertical direction, which is an effective range for an on-field football kick. This also allows for a 10.6° kicking angle to the left or right of a center kick that is more than the maximum angle allowed in a zero cross-wind kick (i.e. 8.76° kick) to the left or right of center. The 8.67° angle may occur during a point after kick known as an extra point kick, which is kicked from approximately 20 yards (60 ft.) away from the field goal post that has an 18.5 ft. width. Each force sensor has its own vertical angle (θ) and horizontal angle from the left or right of center (φ), and vertical, horizontal and total distance from where the football is initially kicked. As mentioned previously, there is a force sensor placed under the football to mark the initiation of football trajectory. When the football is kicked, the sudden force reduction provides a time stamp, as soon as the football hits the force sensor array another time stamp is recorded. Based on the elapsed time between the two time stamps and the known distances to the individual sensors, it is possible to calculate the velocity of the ball at the moment it hits the force sensors. The calculated velocity, given distances, and each angle (θ, ) provide the initial data for the computer model to predict the remaining portion of the trajectorybased on a dynamic model by considering all six degrees of freedom of the flying football under the influence of drag, lift and wind factors. Unlike other football simulators mainly used for entertainment, this FKS system is designed for training based on real-time football flight data and accurate computer modeling by emulating the realistic environment (see Fig. 2 ). To achieve the goal of highest conceivable authenticity requires advanced fluid dynamic equations and a great amount of variables received from sensors. The information received from the different sensors can be used as input for the equations in order to create a better prediction of the trajectory to be presented in the visualization. With this consideration, kicker-specific statistics can be logged for each player using the system so they and their coaches can keep track of progress and inspect for consistency. Since the FKS system collects the kicking angle data of the trajectory, football coaches are provided with a better understanding of a player's ability to kick at different hash marks on the field. All the data received while practicing with this simulator can also be used for designing kicker-specific training strategies and drills on the field. In addition, advanced models such as fluid-structure interaction modeling of deformable football can be included, which is out of scope of this paper. IV. REAL-TIME SENSING AND DATA COLLECTION In order to accurately reconstruct the trajectory of a football, flight data must be captured in real time for model calibration. Moreover, the initial velocity, imparting angles, and rotational velocity of the football must be determined as input for football dynamics analysis. In our design, data are acquired through the combined interaction of several computing devices. Specifically, two microcontrollers will interact with various sensors and send updated information to a computer. An android smartphone implementation will allow users to control the FKS device through a wireless touchscreen interface. Either a laptop or desktop computer will receive the necessary information to reconstruct a 3D simulation. The final visualization with predicted football flight trajectory would be shown on a projection screen that is overlaid on the pressure plate. The central microcontroller (Arduiano/Uno) will receive commands from the smartphone while simultaneously receiving updated data from a wireless sensor (Arduian/Nano). As data are updated from the wireless sensors and force sensors connected to the central microcontroller; variables will be updated in real time and sent across a serial connection to a personal computer. The block diagram in Fig. 3 shows how the control modules interact with the sensors. In the current prototype system, an array of 56 Force Sensitive Resistors (FSRs) is connected to an Arduino/Uno to multiplexer shields. All 56 sensors are being scanned at around 200 times per second, and the Arduino is able to determine which one was impacted by keeping track of which sensor has received the most maximum impulse. Once the Ardriano/Uno has received an impact signal, the microcontroller will quickly determine the imparting angles and initial velocity. At this point the Uno will ping the WIMU sensor one last time to get any updated information. Now that the Uno has collected all necessary information, a signal will be sent across the serial connection to a PC with the simulation software. As the simulation software receives a batch of fresh variables, the computer will calculate a trajectory and display such visuals on the projector screen. This entire process happens in fractions of a second. The realtime prediction provides users (football kickers and coaches) with seamless and realistic visualization.
In the following, a brief description of smartphonebased control framework is provided. First, the central microcontroller (Arduiano/Uno) will receive commands from the smartphone while simultaneously receiving updated data from a wireless sensor (Arduiano/Nano) as data is updated from the wireless sensors and force sensors. The pseudo codes of various modules are listed below.
Central Football dynamics equations are established based upon Newton's Second Law. Lift and drag forces on the football are considered and evaluated as the ball is rotating. The data received from multiple sensors are initial velocities in the x, y, and z directions, the rotation speed of the football, and angles of trajectory. A standard right-handed coordinate system is used, where the x direction is defined as the horizontal distance towards the field goal post, y is the horizontal distance to the left and right from the center where the football was kicked, and the z is the vertical direction.
Due to the oblong shape of the American football and the way it rotates in the air, the cross sectional area of the ball with respect to drag and lift has a great effect on the trajectory. Drag and lift due to Magnus force are solved by calculating the cross sectional area S of a prolate ellipsoid as view from the direction of motion [7] .
In the equation above, ε εis the angle between the viewer and the axis of rotation, φ is the angle of rotation. In our case, is the angle between the velocity vectorofvthe football and axis of rotationrof the football. In addition, we approximate the long and short radii of the NCAA football asa = 0.113 ma 0.113mandb = 0.085 m, respectively. These are used as the semi-axes of the prolate spheroid.
The coefficient of drag as a function of the Reynold's number for a sphere is obtained based on [1] . In our case, theReynold's number ranges from 4.4 x 10 4 and 4.0 x 10 5 for the football speed between 7 ~ 35.7 m/s.In this range,Reynold's numbers the drag coefficient is relatively flat. Thus, we assume the drag is independent of Reynold's number. Values of drag coefficients given different φ are obtained from experiments and simulations done on an AFL ball [5, 6] . We then use the approximation of the form an analytical function of φ,
whererange range is a constant that is approximated to be 0.5. This provides the maximum value of 0.6 forC drag C , which agrees with the broadside drag of the American football given by Brancazio [9] . The drag forceD Dis then calculated with the basic drag force formula [3] 3 .
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In addition, the Milne-Thomson equation for lift on a sphere has been used for the calculation of lift force due to the Magnus effect [2] . For a sphere of radius b the equation can be derived from the integration of the Magnus effect for cylinders that compose the sphere. This integration results in the following lift force,
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wherev is the velocity of the sphere, s is revolutions per second of the sphere,ρρ is the density of the medium the sphere is moving through. Since the lift due to the Magnus effect is independent of any single angleφ, the lift coefficientC lift C is approximated as a constant of .2, given the experimental data and simulations [4, 8, 9] . Similarly, for a prolate spheroid, the integration can be performed resulting in 4 3 2
where the only change significant change is due to the elongation of the sphere, represented by ab 2 term. In addition,ω 2πsω =2π s in the equation. Now, the position of a football can be determine by the following second order system of differential equations.
wherem is the mass of the football,L L Magnus is the lift force due to the Magnus effect,DD is the drag force, ωωis the angular velocity, rr is the axis of rotation, vvis the velocity of the ball, and g is gravity. Using the forth order Runge-Kutta method, or any other numerical methods for that matter, these equations can be solved with explicit values for displacement of the ball. These values are in turn used for visualization of the trajectory in the simulation environment. The model can later be calibrated using real-time data from the WIMU device embedded in the football.
VI. REALISTIC VISUALIZATION FOR TRAINING
The visualization component is intended to recreate playing conditions. By implementing a digitized Dallas Cowboys stadium, parameterizing the distance and angle of approach, and recreating gameplay sounds the kicker will feel immersed in a true game scenario. A room mock up is shown in figure 11 comprising a graphical user interface and projection system. The visualization algorithm is implemented using Unity [4] , an open source interactive gaming and visualization program which allows' 3D components to be imported to construct the environment for the simulator with realistic sceneries. This virtual simulation uses appropriate perspective and scaling to emulate game-time senarios, creating an immersive environment for the kicker.
Information about the screen contact position, in-flight rate of rotation, and velocity just prior to the point of contact are obtained as described above and sent to the Unity Simulation. The in-flight rate of rotation (ω) and instantaneous velocity (v) at the point of contact are then used to solve the first-order form of the trajectory PDEs. The initial conditions for the PDEs are determined by the instantaneous velocity v, while the rate of rotation ω is a constant that is used to adjust the lift force. The PDEs are then solved with a JavaScript based 4th order RungeKutta solver. To obtain the final trajectory of the football in flight, a JavaScript based trapezoidal integration algorithm is used. contact position is then used to position the trajectory, and the Unity engine is used to transform the coordinates into world-space and position the virtual football. If the football passes within a predefined region above the virtual goal post crossbeam, and between the two uprights, the kick is considered "good"; otherwise, the kick is considered "no good". A notification is displayed informing the player of the outcome of their kick. An option to display a virtual football trail allows the player tosee the trajectory of the football. Figure 4 shows a screen shot of the simulation environment. This virtual training system has been developed to include force sensing pads, visualization software, accelerometer, micro-controllers, wirelessinertial measurement unit (WIMU), and Bluetooth. The system works by using force and motion sensing to collect dynamic data and wirelessly transmit it to a nearby computer. Avisualization comprising a realistic football stadium scene and reliable trajectory assures players and coaches are receiving accurate data. The structure design is meant forinside use and can be mounted on a wall or altered for portable use. The few steps left in the prototype include incorporating high-speed cameras, speakers, and a sensory mat for a foot print trail. The vision for this invention is to one day see it implemented in the training of every serious football team in the nation. The use of technology and advanced training methods are what will set apart major teams. This simulation is on the cutting edge of training technology and with minor adjustments to dynamic equations can be fitted for multiple other sports.
